Aims/Introduction: We compared the safety and efficacy of liraglutide vs glibenclamide in patients with poorly controlled (HbA 1c , 7.4-10.4%) type 2 diabetes. Materials and Methods: Subjects were randomly assigned at a 1:2 ratio to receive 1-year treatment with glibenclamide 1.25-2.5 mg/day or liraglutide 0.9 mg/day. Other oral anti-diabetic drugs (OAD) were prohibited during the trial. Adverse events (AE) were monitored. Results: A total of 400 patients (liraglutide group, n = 268; glibenclamide group, n = 132) were randomized and exposed to trial products. At week 52 vs baseline, HbA 1c in the liraglutide and glibenclamide groups was reduced from 9.3 to 7.8% and from 9.2 to 8.2%, respectively. Treatment difference (liraglutide -glibenclamide) at the end of the study was )0.49 (95% CI, )0.71 to )0.27).
INTRODUCTION
The treatment of type 2 diabetes mellitus aims at preventing the onset and progression of diabetic complications by normalizing glycemic control. The United Kingdom Prospective Diabetes Study (UKPDS) 1 , as well as the Kumamoto Study 2 in Japan, have shown that improvement of blood glucose levels might contribute to delaying the development and progression of diabetic complications in people with type 2 diabetes. However, currently available treatments for diabetes are not satisfactory, as evidenced by the high morbidity and mortality resulting from this condition. In addition, the incidence of diabetes is increasing worldwide. Consequently, there is an incentive to develop new drugs with novel mechanisms of action for the treatment of type 2 diabetes.
Glucagon-like peptide (GLP)-1 is an incretin hormone released by enteroendocrine L cells that stimulates endogenous pancreatic insulin secretion and decreases glucagon secretion, both in a glucose-dependent manner. GLP-1 also reduces gastric motility and emptying, and decreases appetite. Thus, GLP-1 is a potent blood glucose-lowering agent 1 . However, after intravenous administration, GLP-1 has a very short half-life (t ½ , < 1.5 min) because of rapid cleavage by dipeptidyl peptidase (DPP)-4. Therefore, liraglutide, a GLP-1 analog (sequence homology, 97%) with the same mechanism of action as endogenous GLP-1, but with a longer half-life in vivo, was rationally designed. After subcutaneous injection, liraglutide has a protracted pharmacokinetic and pharmacodynamic profile based on delayed absorption from the injection site, albumin binding and decreased susceptibility to metabolism by DPP-4; therefore, liraglutide is suitable for once-daily administration 3, 4 . Liraglutide binds to GLP-1 receptors equipotently to endogenous GLP-1 and is expected to induce the same effects as native GLP-1 [5] [6] [7] . Liraglutide given at doses £25 lg/kg showed good tolerability with no gastrointestinal (GI) adverse events (AE) after stepwise dose escalation in a 5-week study carried out in Japanese healthy volunteers 8 . In phase II, liraglutide given for 14 weeks to diabetic patients exerted significant reductions of HbA 1c vs placebo, and was well tolerated with no report of major hypoglycemia and no increase of calcitonin concentration detected 9 . In many cases of diabetes that are poorly controlled by diet and/or exercise therapy alone, treatment with an oral antidiabetic drug (OAD), such as sulfonylurea (SU), is initiated. Glibenclamide is one of the most potent sulfonylureas and has long been used as either a first-or second-line therapy for type 2 diabetes. However, as SU agents continuously stimulate b-cells to secrete insulin, over the clinical course of diabetes dose escalation is often necessary because of increasing b-cell exhaustion, which might become a vicious circle. To delay the necessity of insulin treatment, it is important to keep b-cells responsive for as long as possible.
The present randomized trial compared the safety and efficacy of liraglutide, which has been shown to correct hyperglycemia with a low frequency of hypoglycemia, as well as to reproduce physiological insulin secretion patterns with oncedaily administration [10] [11] [12] [13] [14] [15] , with those of glibenclamide in patients with type 2 diabetes on diet therapy and/or monotherapy with an OAD. In this 52-week trial, treatment over the first 24 weeks was given in a double blind fashion, followed by a 28-week open label treatment period. The results of the initial portion of the trial have been reported elsewhere 16 . This report focuses on the overall 52-week findings, including those of the second 28-week part of the trial, which was carried out following an open label design.
MATERIALS AND METHODS

Patients
Male and female type 2 diabetic patients aged ‡20 years whose HbA 1c was 7.4-10.4%, regardless of whether they were previously taking OAD, were recruited. In addition, patients were required to be able to carry out self-monitoring of blood glucose (SMBG). Informed consent was obtained from all patients. The present trial was carried out in accordance with the Helsinki Declaration and the Japanese Ministry of Health, Labour and Welfare (MHLW) ordinance on good clinical practice (GCP). The present multicenter study was approved by the Institutional Review Board (IRB) at each of the 75 trial sites.
Study Design
Following an initial screening visit carried out so as to verify patients' eligibility to enter the trial and a 4-6-week run-in period designed to wash out pretrial OAD in patients previously receiving these medications, the subjects were randomly assigned at a 1:2 ratio to receive 1-year treatment with glibenclamide 1.25-2.5 mg/day or liraglutide given as follows: at first the patients were entered into a 2-week dose-escalation period (in 0.3-mg increments), followed by a 50-week maintenance period during which they received liraglutide 0.9 mg/day given subcutaneously (in the morning or evening). Glibenclamide was chosen as the comparator, because it was one of the most widely used oral anti-diabetic agents at the time of planning and initiating the study (2006) , and its efficacy and safety are well established.
During this trial, concomitant medication with OAD was prohibited. Patients were, however, instructed to adhere to previous diet or exercise therapy, if any.
The HbA 1c was measured by the high-performance liquid chromatography method. SMBG was carried out at home by an automated glucose meter. Other efficacy blood parameters were assessed using samples subjected to centrifugation and cryopreserved at a central laboratory (Mitsubishi Chemical Medience Corporation).
Safety was assessed in terms of AE, including hypoglycemic episodes (defined as major, hypoglycemia requiring third-party assistance; minor, self-treated hypoglycemia; and symptoms only, remainder), clinical laboratory parameters, vital signs, electrocardiogram, funduscopy and liraglutide antibodies. Furthermore, as it was reported that dosing with liraglutide might cause thyroid C-cell tumors in mice and rats 17 , although the mode of action of this unwanted effect is of uncertain relevance to humans, the levels of calcitonin -a biomarker for C-cell hyperplasia -were monitored in patients enrolled in the present study.
Efficacy and safety parameters were assessed during every 4-week visit. In addition, patients were asked to carry out 7-point SMBG at baseline and every 3 months thereafter through to week 52.
Statistical Analysis
For each of the efficacy end-points after the 52-week treatment, the 95% confidence interval (95% CI) for the mean intergroup difference was determined by analysis of variance (ANOVA) with treatment group and pretrial treatment as fixed effects, and corresponding baseline value as covariate using full analysis set (FAS) data on all patients who took at least one dose of the study drug. The last observation carried forward (LOCF) approach was used for patients who had at least one valid postbaseline measurement. AE and hypoglycemic episodes in each treatment group were summarized and presented in frequency distribution tables.
RESULTS
Of the 464 patients screened, 411 were randomized and 400 were exposed to trial products (liraglutide, n = 268; glibenclamide, n = 132); baseline demographics of enrolled subjects are shown in Table 1 . The proportion of subjects completing 52 weeks of study treatment was 84.0% in the liraglutide group and 83.3% in the glibenclamide group. The most common reason for withdrawal from the trial was AE (liraglutide group, 7.5%; glibenclamide group, 6.1%). In contrast, withdrawal because of ineffective therapy accounted for 3.7 and 6.8% of the two groups, respectively.
At baseline, HbA 1c in the liraglutide and glibenclamide groups was 9.3 and 9.2%, respectively. At week 52, this parameter was 7.8 and 8.2%, respectively. Treatment difference (liraglutide -glibenclamide) at end of study was )0.49 (95% CI, )0.71 to )0.27). HbA 1c at each visit is presented in Table 2 and Figure 1 . JDS target HbA 1c < 6.9% was achieved by 22.1% of patients in the liraglutide group and 8.5% of those in the glibenclamide group.
FPG in the liraglutide and glibenclamide groups fell from 202.8 and 202.1 mg/dL, respectively, to 145.3 and 156.7 mg/dL, respectively, at week 52. Treatment difference at the end of the study was )11.7 (95% CI, )18.6 to )4.9; Table 2 ). At week 52, mean PG and mean PPG increment were lower in the liraglutide vs glibenclamide groups based on 95% CI (Table 2) . Furthermore, at week 52 vs baseline, mean bodyweight was reduced by )0.8 kg in the liraglutide group and increased by 1.0 kg in the glibenclamide group (intergroup difference, )1.7; 95% CI, )2.3 to )1.2). Waist circumference at week 52 was lower in the liraglutide than glibenclamide group based on the 95% CI of treatment difference ()1.1 cm; 95% CI, )1.9 to )0.2). We also analyzed the changes in bodyweight in two subgroups of patients according to baseline BMI (i.e. >25 and <25 kg/m 2 ). In the liraglutide group, the change in bodyweight was )0.51 kg in patients with BMI < 25 kg/m 2 and )1.05 kg in patients with BMI ‡ 25 kg/m 2 , showing a slightly greater decrease in bodyweight in overweight individuals. In contrast, in the glibenclamide group, bodyweight increased similarly in both groups (+1.05 and +0.84 kg, respectively).
ANOVA of lipid profiles at week 52 is presented in Table 3 . Mean of FFA was lower in the liraglutide than glibenclamide group based on 95% CI of treatment difference; however, no other intergroup difference of lipid parameters was observed based on 95% CI.
In terms of markers of b-cell function at week 52, the proinsulin/insulin ratio (0.98 vs 1.57 [intergroup difference: )0.59; 95% CI: )0.97 to )0.22]) and the proinsulin/C-peptide ratio (2.03 vs 3.16 [)1.13; )1.46 to )0.80]) were significantly lower in the liraglutide group than in the glibenclamide group based on 95% CI, whereas there was no difference in homeostasis model assessment-b (34.7 vs 30.8 [3.9; )0.1 to 7.7]) based on 95% CI. In terms of cardiovascular biomarkers, only BNP was significantly different between the two groups based on 95% CI, favoring liraglutide (16.8 vs 25.4 pg/mL [)8.6; )13.6 to )3.6]).
Treatment-emergent AE (TEAE) are summarized in Table 4 . The proportion of patients reporting at least one TEAE in the liraglutide and glibenclamide groups was 91.4 and 91.7%, respectively. Most TEAE were mild in severity. The most common TEAE in both treatment groups was nasopharyngitis (liraglutide group, 37.3%; glibenclamide group, 43.2%). More patients reported GI-related AE in the liraglutide vs glibenclamide group. However, this difference was observed principally during the first 4 weeks of the study and tended to even out as the study progressed ( Figure 2 ). No major hypoglycemic episode was reported in the present study. The rate of minor hypoglycemic episodes (events/patient/year) was 0.19 in the liraglutide group and 1.10 in the glibenclamide group; that of symptomsonly hypoglycemic episodes was 0.51 and 2.74, respectively. Overall, the proportion of subjects who withdrew from the study because of AE in the liraglutide and glibenclamide groups was 7.5 and 6.1%, respectively. One death because of acute gastroenteritis was noted in the liraglutide group; this AE was considered unlikely to be related to taking the study product. Most clinical laboratory parameters remained constant throughout the trial. Five patients (1.9%) in the liraglutide group and three (2.3%) in the glibenclamide group withdrew from the study because of AE related to GI disorders. A causal relationship with the study drug could not be ruled out for the AE related to GI disorders in the liraglutide group, whereas the GI disorders in two of the three patients in the glibenclamide group were unrelated to the study drug. After 52 weeks, no significant shift of calcitonin category was seen in either of the treatment groups.
At baseline, all samples in the two treatment groups had negative findings to liraglutide antibodies or cross-reactivity to native GLP-1. At the end of the study, although 33 patients (14.7%) had detectable liraglutide antibodies, mean HbA 1c was not influenced by the presence of antibodies in these individuals; indeed, at week 52 their HbA 1c showed a numerically greater decrease than that observed in the liraglutide group as a whole. We found no association between the incidence of TEAE and the presence of liraglutide antibodies.
DISCUSSION
The present trial was designed to compare the long-term efficacy and safety of liraglutide 0.9 mg once daily vs glibenclamide given as monotherapy in Japanese patients with type 2 diabetes mellitus who were previously receiving diet therapy with or without an OAD. The results from the present trial show that liraglutide provides more favorable glycemic control compared with glibenclamide monotherapy. Although no formal test was carried out for superiority or non-inferiority, based on the 95% CI for the treatment difference, HbA 1c at 52 weeks was lower in the liraglutide group than in the glibenclamide group (estimated mean treatment difference, )0.49%). This intergroup difference was comparable to that observed at the end of the earlier, double blind part of the study at 24 weeks ()0.50%). Therefore, liraglutide exerts sustained reduction of HbA 1c for a period of £1 year. Furthermore, a higher proportion of patients in the liraglutide vs glibenclamide group achieved target HbA 1c levels as defined by JDS, and durable improvements of FPG, PPG and 7-point PG profile were seen in the liraglutide group.
Liraglutide given to patients with type 2 diabetes was generally safe and well tolerated; the safety data obtained over 52 weeks did not raise any safety concerns. No major hypoglycemic episodes were reported. As expected in a long-term trial in diabetic patients, most of the subjects experienced one or more TEAE, although the majority of TEAE were mild in severity. Hypoglycemia is a common AE associated with SU agents and insulin therapy 18 . Because GLP-1 and GLP-1 derivatives' insulinotropic effects are glucose dependent and attenuated as endogenous glucose levels fall, treatment with liraglutide potentially conveys a low risk of hypoglycemia 12 , as was observed in the present study. In contrast, liraglutide is known to sometimes cause TEAE, such as nausea and vomiting, particularly at higher dosages. These unwanted effects seem attributable to GLP-1's mode of action on delayed gastric emptying 10 . To mitigate the occurrence of GI-related AE when initiating GLP-1 analog therapy, it has been previously shown that stepwise weekly dose increases might be effective; in volunteer subjects, liraglutide incrementally uptitrated in this fashion to £10 lg/kg showed good tolerability with no reports of nausea and vomiting during the trial 19 . Such stepwise dose-titration strategy was used in the present study. Although there were overall more TEAE from the GI system noted in the liraglutide vs glibenclamide group (45.1 vs 36.4%), these were mainly observed during the first 4 weeks of the study and their incidence rate was comparable between the two groups thereafter.
In the Liraglutide Effect and Action in Diabetes (LEAD)-3 trial, liraglutide monotherapy significantly reduced HbA 1c compared with the long-acting SU glimepiride; the differences between reductions of HbA 1c exerted by glimepiride and liraglutide 1.2 and 1.8 mg/day were )0.33% (95% CI, )0.53 to )0.13; P = 0.0014) and )0.62% ()0.83 to )0.42; P < 0.0001), respectively, after treatment for 52 weeks 20 . Although no major hypoglycemia occurred in the three treatment arms, there was a slightly higher incidence of GI-related AE in the liraglutide %, Proportion of exposed subjects with treatment-emergent adverse events, AE, adverse events; E, number of treatment-emergent adverse events; N, number of subjects with treatment-emergent adverse events. Whereas more subjects reported TEAE of the GI system in the liraglutide group compared with the glibenclamide group during the first 4 weeks, the proportion of subjects with GI disorders was comparable between the groups thereafter.
ª 2011 Asian Association for the Study of Diabetes and Blackwell Publishing Asia Pty Ltd groups than in the glimepiride group. As in the present study, such AE mostly occurred during the first 4 weeks of the study and then gradually subsided. Furthermore, whereas participants in the liraglutide treatment groups lost weight, those in the glimepiride group gained weight -regardless of the presence of persistent nausea 20 . Therefore, in Western diabetic patients as in their Japanese counterparts, liraglutide was considered safe and effective and conferred additional advantages over SU, such as less hypoglycemia and greater reductions in weight.
During liraglutide's preclinical development program, thyroid C-cell tumors were observed in 104-week carcinogenicity studies in mice and rats, heralded by increases of plasma calcitonin concentrations 17 . It is possible that chronic activation of the GLP-1 receptor present on thyroid C-cells by liraglutide can lead to hyperplastic and neoplastic changes of the thyroid in rodent models -although the thyroid tumors and C-cell proliferative changes induced by liraglutide in rodents are thought to be caused by a non-genotoxic specific receptor-mediated mechanism that might not be relevant to humans. In the present trial, the majority of subjects had calcitonin levels below the lower limit of quantification (LLOQ) at baseline, as well as at week 52. No significant shift of this parameter was seen in the two treatment groups, suggesting that treatment with liraglutide for £1 year does not pose any risk of thyroid malignancy in patients. This finding is in line with that concluded by a longterm safety study carried out in North America (data from the LEAD series of studies), in which no difference was observed between mean calcitonin levels in the liraglutide and control groups. In consideration of these results, weighed alongside the drug's benefits, the European Medicines Agency (EMA) granted approval of liraglutide for the treatment of type 2 diabetes mellitus in 2009, followed by the US Food and Drug Administration in January 2010 21 . The finding in the present study that subjects treated with liraglutide had a mean bodyweight loss of 0.8 kg from baseline, whereas treatment with glibenclamide resulted in a mean increase of 1 kg, is important and could be a clear benefit of this treatment. It is notable that liraglutide reduces weight while improving glycemic control whereas SU and insulin therapy frequently causes weight gain while providing good glycemic control. It has been reported that GLP-1 plays a physiological regulatory role in controlling appetite by enhancing satiety and suppressing food intake in humans 22 . Therefore, the GLP-1 analog liraglutide could be useful for obese and overweight diabetic individuals who need to reduce fat mass 12 . Indeed, liraglutide has been shown to induce significant weight reduction in diabetic, as well as non-diabetic, obese individuals in a randomized trial 23 . The effect on bodyweight in the present study was not very large compared with that noted in previous trials carried out in non-Japanese individuals, in which weight reductions ranging at >2 kg have been observed 20, 24 . This might be a result of our patients' lower baseline BMI (25 vs 30-35 kg/m 2 in nonJapanese subjects enrolled in overseas trials), as well as a possible influence of genetic differences. Further research is required to elucidate the beneficial effects of liraglutide on reducing bodyweight in Japanese patients with diabetes.
In conclusion, once-daily administration of liraglutide 0.9 mg for 52 weeks provides more favorable metabolic control and safety profile compared with glibenclamide. HbA 1c at 52 weeks was lower in the liraglutide group than the glibenclamide group. Furthermore, sustained effects on lowering FPG, PPG and mean daily PG were observed in the liraglutide group. Whereas patients in the glibenclamide group experienced weight gain of 1 kg, those on liraglutide lost 0.8 kg in bodyweight. Liraglutide was generally safe and well tolerated; 1-year treatment with this agent did not raise any safety concerns. Although AE related to the GI system were higher in the liraglutide group than in the glibenclamide group, especially during the first 4 weeks, the incidence of GI-related AE was comparable between the two groups thereafter. No major hypoglycemic episodes were reported. Antibodies against liraglutide developing during this trial did not have any clinically significant impact on overall metabolic control.
